Systems mapping workshops have been applied to the problem of medication errors in healthcare. The workshops were designed using experiential group work principles. They involved a range of stakeholders from within the health service as well as those who supply the health sector, including designers who may be able to enhance the safety of products and systems used in healthcare. Research has shown that the method encourages stakeholder participation, provides robust results within a limited time and enhances understanding across specialist interest groups. Additional, creative design workshops that considered the same topic showed significant promise in developing concepts from which potential solutions could be developed further.
Introduction
Mapping workshops are one example of a method that ergonomists can use to help generate a knowledge base for better design requirements (Buckle et al., 2006) . The opportunity for using these methods to study patient safety issues arose as a result of a scoping study undertaken on behalf of the Department of Health and the Design Council in the UK (Buckle et al., 2003; Cambridge et al., 2004; Clarkson et al., 2004) . As the scope of patient safety issues within the healthcare system and the range of stakeholder groups is large (Audit Commission, 2001 ; Department of Health, 2001 and National Patient Safety Agency, 2005) it was felt that mapping workshops might enhance system design in the health sector.
Origins of the workshop process design
The Design for Patient Safety (DPS) stakeholder workshops were designed using experiential group work principles. These have their origins in the work of the social psychologist Kurt Lewin and his group relations training methodology called Training-groups (or T-groups) . Associates of Lewin (e.g. Bradford et al., 1964) who were involved in the early experiments with T-groups in 1946, described the methodology as follows: ''A T-group is a relatively unstructured group in which individuals participate as learners. The data for learning are not outside these individuals or remote from their immediate experience within the T-group. The data are the transactions among members, their own behaviour in the group, as they struggle to create a productive and viable organisation, a miniature society, and as they work to stimulate and support one another's learning within that society. '' One of the most important aspects of experiential group work is the distinction between content and process. Miller (1989) described the difference as follows:
''The content of a group refers to what a group is doing, its tasks, while the process refers to how the group task is achieved. '' This distinction is central to the functioning of T-groups, especially those which have the objective of learning about group processes. In such contexts, the process becomes the content. This is wholly appropriate when participants have come together to learn about group processes, or about their personal functioning in a group setting. But, as this paper demonstrates, experiential group work techniques can be used to explore other forms of content, in this case patient safety in the NHS.
This application of experiential group work techniques to innovation and design issues grew from the work of both Miller and Brown (e.g. Miller, 1989; Miller and Brown, 1985) . Miller and Brown (1985) described the use of this approach in an event called the Mini-economy. The purpose of the Mini-Economy event was to explore the economic relationships between people in society, at a time when, in 1985, there was mass unemployment and economic recession. Participants from a broad cross-section of society were recruited, ranging from unemployed people, to senior managers in multinationals.
Subsequent applications of this approach have included an investigation into the future of television broadcasting in the UK (Brown, 1989) , the regeneration of neighbourhoods in two towns (Brown, 1996) , and product innovation in workers' co-operatives (Brown, 1997.) In each case a group of stakeholders was engaged in an experiential event where a miniature society was established to achieve a common objective. In these events the role of the facilitators was to design and manage the process, allowing the participants to focus on the content. The fact that the facilitators had no expertise in the content meant that they could focus on the process, which in turn enabled the groups to make greater progress with the content. This approach formed the basis for the DPS stakeholder workshops described in this paper.
Relevance to medication errors
In the context of the DPS study, a major challenge was to understand how stakeholders from across the National Health Service (NHS) could become involved in the process of understanding and addressing design and patient safety issues within the context of large and highly complex organisation. More specifically, a focus on 'medication errors and human factor issues' was identified as a priority for investigation. As one part of this study we decided to create (albeit for a relatively short space of time) a miniature, self-reflecting society that could understand itself as a representative sub-set of the entire system, and explore the reality and consequences of interactions between elements of that system.
There were two additional requirements of the stakeholder engagement process. The first requirement was to validate elements of the desk research (see Cambridge, Surrey, RCA 2004) , in particular the mapping of the NHS system and the relationship/ interactions between major segments such as primary and secondary care, the regulatory and manufacturing sectors, and specialist services and professions. The second requirement was a) to rapidly capture data on medication-related problems and errors within a system where open reporting is not the norm, and b) to understand, categorise and prioritise these adverse events with regard to their actual and potential impact on patient safety and the safety of the system as a whole.
Patient safety stakeholder workshops
A series of workshops was held to better understand the challenges facing stakeholders across the healthcare industry, and their priorities and concerns. The primary workshop objectives were to:
1. Map the distribution and delivery of medication within the healthcare system under study from a human factors perspective. 2. Identify problems and sources of medication error. 3. Understand the system from the user perspective and its potential for failure. 4. Find creative 'solutions' that were compatible with a human factor's systems approach to safety.
Medication error has been defined in this study within Cambridge, Surrey, RCA 2004.
Overview
Four workshops were planned to meet these objectives. The participants for these workshops and method used to conduct them are described below.
Their duration and scope took account of the limited availability of potential participants but nevertheless were considered to provide coverage of an appropriate range of stakeholders across the NHS. The first two workshops were full-day, structured events. They were organised for a cross-section of representatives from primary and secondary care services, purchasing and licensing, and equipment and pharmaceutical industries. In addition, a facilitated two hour discussion group session was held with patient group representatives. Finally a fourth, creative workshop was held with a view to developing creative 'solutions' to the problems identified through the earlier workshops.
The experiential group work (see below for the activities conducted) offered a method for probing complex issues within a large and fragmented system. This was achieved through the conducting of the workshops that were combined with an integral data collection mechanism. The latter took the form of the accompanying workbooks and visual aids -maps, diagrams, illustrations and presentations. Thus, a core activity of the experiential group work was the capturing of personal experiences and reflections in the workbooks, and then discussing, clustering and prioritising these through group and plenary sessions to arrive at a shared consensus around key issues, and to identify areas of disagreement and contention. The workbooks were designed to be physically 'deconstructed' over the duration of the workshop, and to capture data in a way that preserved anonymity on the day and for later publication, but allowed for thorough analysis of the 'reconstructed' workbooks after the event, using the forms-based database: FileMaker Pro.
Such activities were also intended to serve the multiple purposes of building a sense of community and co-operation in tackling patient safety; to rapidly capture a substantial body of data; identifying high risk 'hotspots and design challenges'; to flesh out a mapping of the system to incorporate and reflect stakeholder experience; and to begin to think about developing solutions within the context of the larger system.
The data from the first three sessions were analysed and used to inform and focus the final one-day 'creative' workshop. At this creative workshop, the atmosphere was designed to be informal and the event was structured along the lines of 'user forums' and 'brainstorm' sessions, both common working methods within usercentred design research and practice. This encouraged a sense of 'ownership' of problems and challenges, and a genuine commitment to finding solutions. Two research team members were present but no other observers attended, in order to encourage a relaxed and collaborative working atmosphere. Workshops were professionally facilitated and were conducted under rules of confidentiality which participants were asked to sign, in order to encourage openness and the sharing of information and experience.
Participants
Participants were selected using a purposive sampling technique to ensure appropriate coverage of those roles and specialties considered by the research team to be of most help in understanding the system. Participants were contacted directly through a number of practice links. It is recognised that the sample might therefore be subject to bias, particularly in that participants were made aware that the focii of the workshops included identification of medication error. The participants at the first two workshops included 20 representatives from across the primary and secondary care sectors (time of service ranged from 8 to 42 years, with an average of 26.9 years) and 17 from procurement, licensing, and the equipment and pharmaceutical industries (professional healthcare related experience ranged from 3 to 45 years, with an average of 23.3 years). Some of the participants held very senior posts and had a lifetime of experience of healthcare services, others were more junior and had more day-to-day contact with patients. Collectively the participants had almost 1000 years of experience, with a range of 3-45 years and an average of 24 years. The patient group comprised four representatives from patient support groups, with the discussion led by the workshop facilitator.
The membership of the creative workshop brought together a sub-set of nine participants from the first three workshops, giving a good spread across the stakeholder groups. There were two industry representatives; the head of a large design group and a product manager, who did not attend the earlier workshops; and seven design professionals, ranging from current and recent Royal College of Art (RCA) graduates to senior designers with experience in a medical context and of major design implementation projects. Between them the designers had over 140 years of experience, ranging from 9 to 37 years, with an average of 24 years.
Method for mapping the system
Each workshop began with a simplified map of the healthcare system, produced by the research team, based on earlier deskbased investigations.
Participants were asked to complete a short personal profile, give some detail on their reasons for attending, and position themselves on the map. Additional elements of the system and relationships were added to the map as requested by the workshop participants.
The map was based on concentric rings with the patient and carer placed at the centre. In the first ring, beginning at the top and moving in a clockwise direction, were: hospital doctor; hospital nurse; community pharmacy; off-the-shelf medication; care house nurses; community nurses and general practitioners. In the next ring were placed: purchasing; hospital pharmacy; ward-stock; pathology and dispensing software. Finally, in the outer ring, were: equipment suppliers; drug companies; trade associations; expert opinion; distribution; government agencies, (including the Medical Devices Agency and Medicines Control Agency that have since been amalgamated, to form the Medicines and Healthcare products Regulatory Agency (MHRA).
Over the course of the two workshops and the patient groups discussion session, the following were added (see Figs. 1 and 2) to the inside ring: patient consent; patient support groups; care providers; occupational therapists; alternative therapists; clinics, in particular diabetes; consultants and emergency rescue and first aid. To the second ring were added: prescribing software; hospital management; equipment training; investigation processes; the hospital environment; and a differentiation was made between purchasing of equipment and medicines. To the outside ring were added: NHS agencies; trade unions and professional bodies; the Internet; government; self-help groups; the research community; device manufacturers; service providers; drug delivery design and buying from drug companies on behalf of community pharmacies. This generated the final map. This map is best described as a 'high level' description of the system. It is therefore of potentially limited use for specific applications. However, as described in the following section, it allowed for all participants to understand relationships between individual system's elements and this also aided their discussions regarding potential failure modes.
However, it is important to recognize that the representatives in the workshops did not cover all the roles subsequently identified Fig. 1 . The mapping workshop. on the map. Further studies, that include a wider selection of healthcare and other related professionals might now be required to confirm the robustness and validity of the map and subsequent capture of problems and sources of error.
Method for capturing problems and sources of error
The participants were asked to list actual and potential problems/errors and likely causes they were aware of or had direct experience of, and attach markers to the map indicating where these problems/errors were situated within the overall system, thus identifying hotspots for medication error. (see Fig. 3 )
After that, meeting in sector-specific groups, the participants prioritised problems/errors, chose the top four problems from each sub-group and presented these back to the full group. At this stage, our earlier research as to potential sources of error based on the contemporary literature were also presented to the full group and marked on the system map. This provided the participants with an opportunity to compare our literature research results with their own, stakeholder, experience.
The participants then split into 2 cross-sector groups and worked on identifying potential solutions and design opportunities to the top eight problems/errors prioritised in the earlier session. These were presented back to the full group in a plenary session, and the workshops concluded with a feedback session that allowed participants to reflect on the day.
Method for finding creative 'solutions'
Key outcomes from the first three workshops were taken to a 'creative' workshop, where designers, with experience of product designing for the healthcare industry, were added to the stakeholder mix. The system-wide nature of the prior workshops did not provide the level of detailed information to underpin complete design solutions. However, there was good reason to believe from other research (O'Brien, 1981; Wilson, 1991) ) that similar workshop methods, combining data gathering with community creation, and with a tighter focus, might facilitate requirements capture and generate design solutions to advance patient safety within a complex system such as the NHS.
This workshop was focused on a series of drawings of patientcentred situations/environments that charted the patient journey through the healthcare system, from the home, through the GP surgery or rescue services, to entry to hospital, in-patient treatment and outpatient return to community-based aftercare. The nondesigner participants identified and discussed issues and problems/ challenges in each situation.
The participants were then placed into three mixed groups of two or three designers and three healthcare professionals, plus industry representatives.
More detailed information and mini case studies emerged in the team working sessions that were organised around three simple briefs. Participants were asked to come up with 3 illustrated ideas/ scenarios to patient information/records, pack information/access, or medical devices and drug administration. They were then asked to select one idea to present in depth to the whole group. The team leader introduced how the group approached the brief, where it looked for solutions, and the non-preferred ideas, and another person presented the selected idea. As the team leaders were all designers, this ensured that both designers and non-designers presented back to the assembled group. They worked on the briefs for over two hours, and then presented their conclusions to the full group.
The briefs were purposefully open to encourage maximum sharing of information and discussion of issues, directions and possible solutions. The teams were asked to come up with ideas and directions rather than specific solutions, and the overall intention was to discover how well the process could work. In normal circumstances, the designers would go on from such an intensive user or 'stakeholder' forum to develop more specific and in-depth solutions, which would then be tested and re-tested with users as part of a process of homing in on and working up the detail of final proposals. There was not time to take the process through to this stage, but in the context of a scoping study that was not thought necessary. Discussion followed during which obstacles and other factors were identified for each of the 'solutions'.
Results

Mapping the system
In filling out the map of the system the participants added layers of complexity, both in terms of stakeholder groups and the interconnections between them. What emerged was a system whose intricacy surprised the participants and pointed to key underlying problems related to fragmentation, parochialism, and lack of communication and integration. The number and diversity of interfaces between stakeholder groups created opportunities for errors, in particular those associated with information transfer, conflicts of interest, differing protocols and working practices and conflicts of status and seniority. By positioning their problems on the same map, key areas emerged, which helped to identify risky situations and activities, and focus discussion around them.
Consensus was reached on some issues. These included that:
The National Health Service (NHS) was considered to be a fractured, complex organisation. Surprise was registered that the NHS is not more forceful in its purchasing. It was felt that mistakes occurred under pressure, and that pressure is endemic in the system. Blame culture was seen as a considerable obstacle to change. It was felt that there was considerable scope for collaboration and standardisation across sectors.
Concern was expressed over issues of information, packaging and labelling. It was felt that the NHS needs to be innovative in tackling error and patient safety, learn from other industries and take a multidisciplinary approach to this.
However, sectoral differences emerged over other issues. For example, those within primary and secondary care were more aware of specific problems and instances as they experience them, whereas those within industry, purchasing and licensing tended to see the issues in terms of generalities.
Those closest to implementing or specifying solutions had least contact with patients and first hand experience of things going wrong, while those closest to the problems, and patient contact, had the least contact with design and designers. This indicates a considerable opportunity for the capture and transfer of safety-relevant information up the supply chain, and for designers, specifiers and purchasers to learn from end users and those in direct contact with patients.
Capturing problems and sources of error
A significant range and diversity of problems were captured during the workshops, and a wealth of detail exposed in discussion.
The problems could be grouped under the six major headings (see Tables 1-6 ) of self-medication errors, prescription errors, dispensing errors, administration errors, information and records errors and equipment and devices.
As a result of identifying these problems, a number of major challenges emerged. a) Around the design of packaging -access to medication, accompanying information, the separation of medication from packaging and information, and correct identification of pack/ contents. b) Around patient information and records -drug charts, transfer of records, separation of records from patients. c) Around misadministration -device design itself, complexity, variety of designs, confusion over correct use. 
Understanding patient issues
The problem appeared to break down into complex interactions between risky situations, risky moments, risky items and risky users. Key areas or 'accident hotspots' were identified. These included:
In the home, around problems associated with packaging, storage, remembering, reading, understanding, etc. In transfer/transit around changes in drugs, protocols, people, equipment, records, etc. Around the hospital bed and infusion lines, connectors, notes and record keeping, communication between staff, drug administration procedures, etc. Where situations and equipment or medications are new or unfamiliar, and when people are working under pressure.
Where information becomes 'non-sticky' and gets detached from patients, packaging, medication, or ineffectively or incompletely transferred, e.g. to pharmacists. In cases of mistaken identity related to names, packs, connectors, ampoules, infusion pumps, non-standard equipment and so on. In failures to effectively capture errors or information that is design-relevant. Where problems and causes are confused and conflated, especially around non-compliance and there is a tendency to blame -the patient or the manufacturer or the doctor or carer, rather than unravel the complex, interrelated chain of causes and resulting problems. Solving the major pack-associated problems for older people in their homes may also solve similar problems for other groups.
Tackling the major problems for hospital staff and paramedics, associated with identifying medications once they are separated from their packs may solve similar problems for other less critical groups.
Finding creative 'solutions'
The generic issues and situations that had emerged from the previous workshop were fed back to the 'creative' workshop participants as a stimulus for the day.
One place to look for solutions is to identify common problems that occur in different forms and in different situations, and then select 'critical' users to work with (i.e. those most likely to experience or be associated with the more severe or extreme expressions of the problem.)
The capture method used at the creative workshop proved highly effective in terms of eliciting specific and detailed information about how and why problems occur at different locations. To facilitate this process a large drawing of the patient journey/ experience was prepared, and used as a trigger for discussion of 'site-specific' issues. Participants were open and very forthcoming, and the atmosphere of the group was one of collective participation and involvement. Over 90 issues were gathered in little more than an hour of extensive and focused discussion, giving useful detail in relation to: care at home involving GP, community nurse etc.; the local pharmacy; the surgery and day-care centre; the rescue services; entering hospital; the operating theatre; intensive care; the ward; and patient aftercare. Examples of output are included in Table 8 (For full details see Cambridge, Surrey, RCA, 2004) .
Solution spaces
Typically, after quite lengthy general discussion to establish a focus and priorities, the teams moved onto discussing very specific and in-depth problems. There was a strong sense of ownership of these by individuals and a practical desire to reach combined solutions to more than one problem. In several instances, such detailed information pointed to design solutions, for example:
Paramedics repack ampoules in a handy (mixed) format using existing larger quantity packs -there was therefore scope for smaller volume supply or special containers designed for paramedics that give better visibility and identification. Information fails to transfer properly from one environment to another, for instance: ambulance drug records are hand written under pressure and using abbreviations/codes and are therefore often mistranscribed -scope for the use of 'peelable' barcodes in the recording of drug information in many situations including the home. These could be peeled off from medication packaging, or from a sheet and stuck to the patient record, allowing for accurate, swift and keyless transcription to computerised records. Patients, paramedics and other carers are often unaware of what medications are for -there was therefore scope to add this information to prescriptions and labels on dispensed drugs, as an aid to identification and a way of better informing patients, to be pointed out to patients at the pharmacy. Pharmacists who remember dispensing drugs from large quantity containers and counting tablets pointed out the extent to which they were other cues available to them that helped aid identification. For example, the smell of different drugs, their appearance, the feel of them to the fingers, the sound they made when poured out on the counter, the dust they produced and other factors provided near-subliminal information/ confirmation as to the identity of the medication. With modern packaging, not only were these subtle clues no longer available to the pharmacist, but the similarity and the proliferation of proprietary and generic medications meant that it was increasingly difficult for pharmacists to correctly identify drugs. There is scope here for various design approaches, ranging from adding back visual and tactile cues to packaging to obliging manufacturers to add an additional warning indicator to packs that are regularly mistaken. Barcodes could also be used to address this issue, and the adding of information about what the prescription is for could help confirm the choice of medication in the pharmacy.
This process led to practical ideas for solutions, which included:
A patient information system building on patient/doctor interaction and the recording of what their medication was prescribed for, as an aid to communication between e.g., patients and pharmacists; A national patient/drug information system that would give correct information and encourage trust between patient and prescriber/carer; Simple redesigns of line connectors to eliminate incorrect connections; A customised individual drug administration/packaging system to aid medication compliance, particularly for complicated regimes; Improved pack designs to keep information with medication, both inside and outside the pack, and to facilitate identification of drugs and their use; A simplified drug recognition/information system tailored to different users, e.g. patients; community carers and hospital nurses in the ward and in intensive care; Ways in which 'peelable' barcodes could be used to update patient records both in stressful situations like rescue, and in the ward and the home; and Ways in which smartcards can be used in hospitals, by paramedics and in the home, to check, monitor and reassure. Given the nature of the study, and the short space of time allotted to the workshop, none of these solutions were explored in depth, and the participants themselves rapidly came up with challenges and further issues. The solutions are not therefore proposed as viable as they stand, but the potential effectiveness of the process was well demonstrated.
One major obstacle encountered at the creative workshop was the lack of specific knowledge. Although the participants had no difficulty in outlining possible ways in which the problems might be tackled, they hit a barrier in arriving at solutions because of a lack of knowledge about the system itself, and how elements of it interact.
Discussion
Stakeholder involvement
The fact that a cross-section of stakeholders could be brought together at very short notice and with an attendance rate in excess of 90% demonstrates a significant degree of commitment to addressing the issues of medication error and patient safety across the many sectors of the UK healthcare system. However, this was a small, self-selected group and therefore subject to potential sampling and other biases. The stakeholders participating had a wealth of detailed experience which throws fresh light on how and why errors occur. They were keen to improve practice and patient safety in their specific fields and have had much to contribute to the process. Overall, there is a real potential for the successful and cost-effective engagement of stakeholders in the process of error reduction and improving patient safety, and a willingness among the stakeholders to be part of that process. Small groups of designers and stakeholders working together in an informal setting can rapidly identify and explore problems and move towards solutions. However, more detailed information is required if solutions are to be effective and actually improve patient safety.
Problem identification
A wealth of anecdotal detail on aspects of medication error, especially in the community, emerged from creative, primary, secondary and patient support group sessions. The patient group identified a range of issues, from support (or lack of it) to medication delivery by carers, through information flow, checking of medication, especially on transfer from one sector or care environment to another, to the need for patients to take ownership of their health conditions and treatments. In general it was thought Design; complexity of devices; variety of makes and models; supporting information or lack of it; human factors; lack of training; poorly designed documents P&L Environmentally aware design solutions (lack of); taking the demands of working situations and stresses into account as part of the design challenge.
Lack of collaborative working þ joined up thinking; distance between industry and designers and the actual care environment; industry's need for differentiation; tendency to look for accuracy rather than suitability for purpose as easier to quantify. Table 8 Issues at the local pharmacy.
Negative issues People are reluctant to take medicine due to stigma, etc.; There are problems associated with effectively communicating with patients; There is inconsistency between individual pharmacists; Patients can chose to go to any pharmacy and so errors occur and patients are confused by differing presentations of medications; Presentation forms change frequently even if the patient goes to the same pharmacist; Changes also occur to brand, trade and official names of medications; and Self-medication problems occur incorrect dosing with eye or nose dropper -very difficult/impossible to get it right. Positive issues Pharmacists act as a checking process (though this is impeded); Pharmacists share information between pharmacies from different chains; Pharmacists are undervalued but often visited first in the case of illness.
that patients do not know enough about their medication. Issues of human error versus culture and practices arose in all workshops. There was particular emphasis on variations in protocols between providers/services/sectors; confusions about responsibility; stressful situations; hierarchical and autocratic behaviour; and conflicts of interests between industry and healthcare system. Many interrelated factors contribute to the major instances of error, and these occur in many variations with there being no clear cut differentiation between problems and causes. This reflects the complexity of the overall problem, and the varying experiences and perceptions of different stakeholder groups. However, the stakeholder workshops were highly successful in identifying a broad range of issues and understanding the details behind them.
It would be interesting in future research to compare this approach with more traditional methods of identifying errors (see for example, Carayon, 2007) .
Robustness of workshop outputs
The categories of user problems identified in Tables 1-7 were subsequently compared with results from a separate review of the literature (see Cambridge, Surrey, RCA, 2004) . The comparison seemed to confirm that direct consultation with stakeholders is a rapid, effective and robust way of identifying problems and errors.
Creative solutions
The creative workshop generated many issues centred around specific healthcare environments. While covering the same territory as other workshops, these results are much richer from a design perspective, giving specific details of actual incidences, contexts and practices, with further depth of information emerging in the group working sessions. From a design perspective the richness of detail and the range of viewpoints and contexts described were both interesting and valuable. As a process, similar stakeholder workshops could help designers better understand the complexity and range of factors to be taken into account.
